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Abstract of J P2001 235525 

PROBLEM TO BE SOLVED: To provide a 
method and a device for evaluating a lead 
storage battery simply and accurately. 
SOLUTION: Concerning this evaluation device 
10 of the lead storage battery, in a measuring 
device 12, internal impedances of the lead 
storage battery are measured on plural 
frequencies of three or more points for 
prescribing a circle on two-dimensional 
coordinates prescribed by plotting the real part 
of the internal impedance selected in the 
frequency range of 1-100 Hz on the X-axis and 
a value obtained by multiplying the imaginary 
part by -1 on the Y-axis. In a calculation 
means 14, R&Omega , Ret and Cd are 
obtained by referring values of plural internal 
impedances measured on the plural 
frequencies relative to a relation between 
R&Omega , Ret and Cd derived from an 
equivalent circuit composed of a series circuit 
between a parallel circuit between a charge- 
transfer resistance value (Ret) and an electric 
double layer capacity value (Cd), and an 
electrolyte solution resistance value 
(R&Omega ), and the plural internal 
impedances of the lead storage battery 
measured on the plural frequencies. In a 
determination means 16, the remaining 
capacity and/or the deteriorated state of a test 
lead storage battery are determined from the 
calculation means 14 and the calculated 
R&Omega , Ret and Cd. 
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[0046] mi^mMX'ii. Sll«ffl(Fa) 
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XWC, rt^ytr-^y^JtS&Offilc-lSrSlt. 

Yft{C7"D 'yh (cole cole pi o 
t) t-t3-4*?rii5ii-ri>R^tyM?:^i6. tt31<OX 
WWfrXa. Xb (Xa<Xb) Xa$-«f»?g 
ffiSlffi(RQ) fcU Xb-Xa£®?ffj5iMgSi;ii (R 
ct) fcU (Xa + Xb) X0. 5£X 0 fcU 

ifcUliC.fc, mi<0^a8SFaOrt<?)»t,iSV> 
ffl*»Fa' t^2<?)ig^tFbT'<7)PJ^<i5rro-y h 

l!M-*JSSRS:<». fcU Ig^ZAJl^iMCdSr (R 

ctxw, ) -> t-f£. 

[ 0 0 4 7 ] H 1 *5«tt/S2lC^LJt^ffiia»*^3Saj 
. SMiS&fitffi < RQ > . ( R c 

t ) , m^zMm^&m < c d ) t asm vtr-^vx 

oxiiz. ts^mmxnmm&tm iro) . *w» 
n&fttt (Ret > . mztmm^mm <cd) 

[ 0 0 4 8 ] ±a L*:fSffi3:Sg 1 <0*ffiM Srff 3 

b-oxn. MM-f&mmkz. 5~i ohzco^sco 

ttHT«TilfcfiE*<?5 3-4 &<r>W, 1 ^JUi&l&F a fc N 

i-5Hz comnL&mmx'miitLti&mn 1 j&oib 2 

<3ffl^F b fc U*. 

±f2L^c ole cole plot K&tf&RWtll 

»S#*4±-C, 5-10 0 H z.<7>ffim$ILCD&mcr>W& 

aa^ti3^ULh-CJ>.&C:i:A^ST- 
$>&. Rtf5iU»*«ft*±T, §^t:fiL<(i- mi 
WiO^^^CF a <0JS#[$SC# 5 ~ 1 0 H z <D4»<9 1 j±u 
10~30HzO4"Ol^. 5 0~10OHz^l 

[0049] *ra%BH#«±. &fic 0 fctjv^-c. rtSP'f 

&<7>Kffl{i. fci-?-l-l OHz<OKfflT'S>-SCltSr^. 

v^x^„ fit'. mi<7)mmLFb<7>®mi^ ax* 

&Fac3|*L «;t<£V^jSmFa' ti. 5~10HzCD 

[ 0 0 5 0 J #H¥4 - 1 4 1 9 6 6#^f8^aT' 
ASM y e-^^xcoH*<#g^fr$r^-rj: o 

*>. HJgftfcWMfte&D. flH6t>*<**fcv^lSHI 



WrRB&fo&afir^ *flJJUHF4U*. 

[0051 ] 4fc**^»±S6LfcSafctf5»JB<0*ffi 

m (EtalE) Sr. M^^raPB^totffvv BU04T- 

^^aET-^ft^^mMtsffiiitii (rq) , mitstwa 
tnM (Ret) , mmra^sgffl ( C d ) <r>m<7>0 h 

'j>-%<ti>-^&±<7>mz. %®cr>m&xm>?>tzWMm 

t&tnM (Rfl) . ttffl&ttffifttt (Ret) , mMZM 

m%am ( c d ) co<ico 3 < 1 1>— ^KLtnmk 

c 0 0 5 2 ] ±ie Ltz^m^mm-t s c t tc <t 0 . iss 
hz-tifssmxhh. 

[0053] &MM%t'coimizi£mztL*i%iW-mm(o 

[ 0 0 5 4 ] 4fc. *»WW«SWft<0»fli*at Sift 

m=5r z<ommzt§wtz ti&Bmit&t t-xm^zm 
m®Lx^&&mm<vmm. «BWjKrv«:». 

ft-CJ).?.. 

[0055] 4fc, *^co|SS«?fi^fF«*&Sr. i 

4 xtfft£.-t&-*ii&mm^frt>x't>& . 
[0056] #SSBJ!<DiSTO6<Di?«r*££ . eift** 1 

[0057] 

<7)im<,z^x<r>gkww%mMm (mmm) mm 
mz^mLxft^z. 

[0058] xmiomiiWHz&^x . m^jRsstii 

(RQ) , «5^iM£«;ffi (Rc t ) , ISZliM 

ii(cd) izx^xm^tLhmmmmi. mits^x/ 

02^U3ttWJ>S. 

[005911411, A^tft, 75Ahtf9f8W®6 
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m®m.m ( c d ) te>m&z3zit>ti&%:zm^Lti?'y 
vx'bh. mraua (cd)ii, vxrnmnft 

«) , «m^*iiSfi<t ( c d > awur 

(%) =0. 181XC 

[006 1 3 jtaigttoa^fefffe j:y«gttjR 
(Dio o%ytwttme>§8wn.mz^ ( a > 1 5 aco 
maLT-m^scm?-*^, a^ji, (b) 3 0A<7>m 

u. 

( 2 ) «jficoJ^H?agS: 20' C IzBM LT*5 VVfc . 
( 3 ) ffl&gLfcrtSS-r vt-^VASr^toTH-^L^ 
*»=«»B««<Cd>tt3. 6 CFD 

(4 ) * ( 1 ) t J: 0»ff»**flJ£Lfc«S«. 7 2% 

*^I^T-J> S Z b tMHb^te . 
[0062] tLhOj: Jb&*»fctf>«*ZfflBS« 

M (Cd) <0fit£, iEWffiWH^-ftii:^ 
[0063] ttz. it ( 1 ) It. fflffliSLl£tf2 0 * CO 
£20° C, 40° C, 60' C fc^t^^^tc: 

[0064] ISS®ffi*^fl:Lfc%&tc«i. lE^SriftS 

<7)mmt t ftfrtiimi?®s.&miE-t& z t awe* 

[0065] ptfecomwmmcogivtmiz ± zmiEtm 

t^^tzwmmkm. (rq) ^m^x^ozb^x- 

[0066] ia6 (iiES^iswmmfciy^tLJtis^ 
««L«oiaetc x h msmmm ( r o. > t tsTOKozt 
(soo nm&zm-tfvyx'hh. mmm& 

tnM ( RQ ) li£§#SS ( S OC ) tc J: 



is****)****** aee-r * -r t **r*T* * . sS"ft 

[0060] 
[»2] 

d + 0. 064 - ( 1 ) 

( rq ) zm^xm&®&£miE-thz ttf-*jmx-$> 
&. 

[0067] mggBflafitt (Ret) fcttggfflcPB 
Srfc, 05^0j»Lfc®^IW£tftfi (Rc t ) fcSS# 
M (Cd) fc*Bmfl&3a^*fca^£anfi^ 

[0068] (RQ) , ggggffilag 

(Ret), g»z3Mg«[ ( c d ) eo^ffi^rs 



JSffitfiffi ( RQ ) , «?Sf#»ffitaffi (Ret), 

(cd) »*aj*ffiteov^T^)«fWf(*s6^ 
h. tm-i ^v-yyxnwgmmttte. ioohz. 

20Hz, 6Hz, 2Hx<F)4&tL, Z<04£<?)ftB 

wm&mmm (Ret), n3.~-mmm-m.rn. <cd) 



[00 69] 07tHI»L.^J:oC 

(cole cole p 1 o t ) „ MUzmmttzJ: 

<#&<7)2-ocr>&ttX'-:-fc\btfX'ZZ>. ZZX\ RM«0 
«ftttt, II 1 fcSct*«ISI»fcJ: ->x&-tz bimmx- 

hhtzih. nmcoim^im-t&zbizxo. wmm. 
tarn ( Rfl ) . «^f»»tEfit(i (Ret), m&zsm 
mm.m. (cd) srsm-r-g>^i:*«r«gT'S>.&. 

[0070] Mxtf. 3^Sriiii-n>nc0fiii(i-itW 

T'#-g>. 1&~>X. 3OWM100HZ, 20Hz, 
6Hz<,z£K)Pi<7)®MZimLtz. m7l,Z*k-t£ol l Z2 
Hzfj-igtfOrn-y Hi, F]<?)®Mfrt>9\-ti.X)i*). R<0 

o o h 7.<7)mm&ffl&b-? §co*w^ Lv->„ 

[0071 ] jmS^&fSOTiSti: LTti, RO^S-^S 
^C(±, R«tt»**»*rnyh*»RJB±K:«a]BUc 
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tF acommtoi., 5~1 OHzCO+Ol 10 — 3 
OHzO+OIjSu 5 0-1 00Hzc7)+<?)l 

[0072]i7li. f^r^^T^J: 9£tf>*:R?X£ 

WfrSrXa, Xb (Xa<Xb) tf6i. Xa*>'®g 
?£S;in;<B ( R« ) fcHJEU ( X b - X a ) #C?Srf#I!> 
ffiSM (Ret) 3^S-ii3S-rSP3^t 
fcwC, ^SP5rOi:-ri>>Ii:CJ; OXatXb (Xa< 
Xb) £#ft6*t % Xa&nMffi&ttig. (RQ) , (X 
b - X a ) tfVft&M&Sttt (Ret) t UTtWSil 

[0073] (Xa + Xb) xO. 5£X 0 fc 

Lt^y)-cfc<. x„ Rco^n^gs-^-r-f 
•t&t. mscMmm&m (cd) (Rctx2* 

[0074] J8«**3Sft&tfTrtaM i'tr-^VX* 

ffifflte. fc«fc*l~l 0Hz<7)KHT'S>SC:fc*<f«IS. 
H8+(C{±. 6Hzfc2Hz<^2j5<^i£ifc^^*£ 
Stro-yhLTV^. 2^ra^^K^<7>^*y>S 

f i "CWe: (X, -a) 2 
f 2 (X 2 -a) 2 

f 3 -CHS: <X 8 -a) ^ 

[0079] ±IE3r>oa* ( 2 ) — ( 4 ) £Ji¥l-vt» 
«&ffca, b. r(i-eii^iiTE<7)J:dtc^S„ 

[0080] 

[I5c4] 



FC-ED 
2{BC-AD) 

\ EB-AF 
' 2{BC-AD) 



(B) 



(8) 



A = X : 
B = X 2 
C = Y, 
D=Y 2 

E = X, ^ -X 2 2 
F = X 2 2 -X 3 2 
[ 0 0 8 3 ] 119 fcfc WC . R CI «5Hft±ORi03£T'J) 
&.lfca^ Ro^*^Y = 0i:^:l.2^iOXS:*s , >. 
i<0 2^WiEi^*^ Rci Srff-JTf & . 



-x 2 
-x 3 

"Y 2 
-Y, 

2 -x 2 
8 -x 3 



(Cd)li. (Re tx2!fXf. ) -iX-stnZtl 
•S>. 

[0075] JUSaSf. (i. (5i:A,i:'<0*§£-4~5Hz 
4C&&^. ±IBL*::fri£$:?T3i§£{i. l-5Hz<7) 

ffl«««oKH"caar<x/sffi8:<o 1 a^jii&IS: t » 5 ~ 1 
o h z (O'pco l s&fre>mi£ tvKzm&&X'fflZ-t& z t a* 

[0076] 3 AfcO«»arCWg LJt^-^«^?s«ts; 

is ( R^ ) , nimmmm (Ret), m^oMm® 

ctfi ( Rfl ) , mmtfrntum (Ret). mmz.mm 
m&m (cd) **i.*ih.<oa^i-r««»twt 

Ffr^zti?izcQm*&hitx%frtim3mm<7>&'m 

ittMUtSK i>fhtUfc, 4j&oflWBrcW 
jeLfc*£tcoivc<>, 3^rt!l^L^^i:|5|«cOH- 
4i*. 3&<r>mmkX'mfeLfi:ftm VK- 

[0077] 09{i3*cO^Stf , , f 2 . f 3 "CM 

a. b, r&fMItmS. 
[0078] 
[gSt3] 
+ (Y, -b) 2 
+ (Y 2 -b) 
"+ ( Y 3 - b ) 



= r2 ... (2) 
= r2 .-(3) 
= r2 "(4) 
[008 1] ZZX\ ffiSc (H^) 

[0082] 



+ Y, 
+ Y 2 



-Y 2 
"Y 3 



• (8) 

• <9) 
•(10) 
•(11) 

(12) 
•(13) 



[0084 ] 
[1*6] 
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(X-a ) 2 =r2 
X = a± r 
R CT =2 * r 
RQ = a - r 

[0085] hi oji4jfta^fflis«'ra!jeLfcrt»>f 

f m teT^-Cfl£ix&. ddT. fi >f 0 >f 

C0086] 
[1*7] 

'--^•"^^ — »■> 

[ o o 8 7 ] iot. m^z.mmm&m (cd) 



[0088] 

ma: 



Cd- 



] 



(14) 
( 1 5) 
(16) 
(17) 



I 



— (1 9) 



C0089] &Mmiz&mztifc&wmm<opmizb~> 

x-z h<nx\ *wm&w%m<vmmm**mz3mx' 
[0090] mf&mmmrr* f y h •yrsrc 

[009 1] 

[isi ] 



1- 



9 5% 
9 3% 



9 5% 
94% 



9 1% 



93% 



92% 



92. 8% 



93% 



92. 8% 



[0092] &£<om%&mv>mm)jmt. n^r-i h 
izwfeitzWjm%im<m^x¥&>m$mmLtz. m 

Ji^T'ffiTU 3^ig^O«^T'(iiS(CJiiDM(6]5r 
7*-f Ky^h-y7H8P4«tc*JV^Tt4, ¥«?fi*^<0tS« 

tf'b%<%zztiihixi>. wmMtfttrnzntzt 

a*, &&zt'<n®mmftv>mw*ti5mzmEX'Z zcox 

mzmtox'&z. 

10 0 9 31 mammmm 



94% 93% 

l&mcOffiflLimi Uzimrfh. SSSttrft<OfF«5SBl 

0(4. imcnmmtiz&^xmwnmonsM yv-y 
yximzt&mju^fsti 2t. wmeamm (r 
£2 ) . vmmsam (Ret), m^zMm^mm 
(cd) znih-t2>n.iii*®i4t. nthLtzMMim 

«tt < RQ > . «^f#»ffifiiffi (Ret). i^Ili 

^sffi ( c d ) frt>ms&itz®iwmMv>mff®&*i 
/±tzii£iwmzm%.-tmjjz*&. 1 6 1 sr*-r& . 

[0094] iBI^g 1 2li. Ttfc *.(f . -ai$Z®mHft 

&ayv J .-?mwtx'mf8.zti. im*wm*'<*& 
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m&mti . ^r«ffiWR«siaini. 1 ~ 1 o o h z 

fc & 3 A«±^>«»Offlaaftoe^Si«iLT 

[0095] jra^g 1 4 1± . t usimmn 

mmizx>o. ±aLfc*(A-n a^ua* (b- 

t ) tm&zMmmam (cd> t^M^iisis&fcitpvs 

ftzti&wmmtm < rq > . ^w^i&fifitfi < rc 
t > . s^z^i^fiM ( c d > tmmcomikmzti^ 
xwz. uzimosmmMoftm t <m 

t-^VXOtf«r«HUTW!¥j«iaStf <RQ) . *» 

mmtm (Ret) . ^uraegfiffi (cd)» 

[00963 614, fcfcitf. ±IBn>t A 

jssctffl (rq) , nmt&si«[ (Ret), use: 
mmm&m (cd > *fcttKLfc«#ws*>»flM*i 

4tf/ifcfcJ4£MI;#©£«rf £ . j; 3 *WjgJ4. 

tztui, jMLtimmfmtm (rq) , 

tm (Ret) . «svzss^fi<i (cd) tmf®m 

[0097] 

[JWB^iWR] J2LhlcjJS^fcJ:aic. #»3|fc:J:iUf, 

i-ioohz owaakottffiraaritfc . flaw> 3 ~ 
is»*auiacfi:«Ar * - fc k * o 



h. 

[0098] *mMzxttfi, mwwmcoft&m&zm 

[Hffi<7)fSm=SriK8B] 

[0 1 ] 0 1 j4*5&BBT'«ffl-r«.^ i commit lx 
(o. wmssmm (rq), ro&tw&iff ( r c 
t) , m^nmm^M.m <cd) *>^^s^fiiH]ss^« 
fsmx-foh. 

[02 ] 02(4*^t'ttffl-r&m2^«lH]S8t LT 

<o, mmmimm < rq > . m^wjstnffl < r c t • 

tRct' • ) , WM~mm®mm (cd 1 

d- - ) t-Citc&m&imnm&mx'foh. 

[ 0 3 ] 0 3 \^^nco^mmm^mmw&-m<r>9m 

[04 ] 04«4^z:a®^fiffi (c d ) tmwmmco 

[05 ] ms\tmm^mmm (Ret) i:»ra6o 

[ 0 6 ] 0 6 itiE®%£iiWW,m}5 x v&itLtz%mmM 
<nim.t,z£ zmmmm < rq ) tfa^f&oa^ 

* (SOC) c0M^Sr^-r^57T'*>4<. 

[07] mmmsmmm <rq> . mmajie 
(Ret) , mscjtJpgafi ( c d ) ^ira-ra^ 

ZmMLtzfyyX'hZ,. 

[08] 08«4Jl«^:i:'f ^e-r^i^BME^ko 
isos * mm ttc 7? y x-h h . 
[09] sa9tt3jsc««jaR-c«j6Lfcrt*>f j't-^ 

[010] 01 0(44 £&<r>mmxmiiL\.tznn4 > 

[01 1 ] 01 ni^^ioiQiwmmcomm^mcom^. 

0T-J>l>. 

[^oittBj] 

i o • • i&wwmcoftmgm 
i2- ao^*s 

1 4 • • 

1 6 • • WJg*R 
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[011 



[H2] 



Cd 



RO 



Ret 



Cd' Cd" 

-Ih . Hh 



RQ 

HVVVl 



L/ VW J 

Ret* 



"-AAAH 

Ret" 



[05] 



Cd(F) 
10- 



Rct(Q) 



— jEsa 




0 15 30 45 60 75 




0 IS 30 45 60 75 



RQ 



• eoncl 



• 20*C J 



0 20 40 60 80 100 



I ISA 

20t I 

*-SOC (%) 



17] 




RQ Ret 



[08] 



Xm 




1 2 fin 6 lOMz 



[09] 



-Im«{Z> 



CX, ,Y, ) 



<X 3 p Ya> 




-ReU) 



[H3] 
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[010] 



mm : ssmm&gMmz, &t < t \>i®mmm®. 
(Ret) fmscMm&mm (c<i) tv>iwi 

BKt* mmfflZfe (RQ) i©il?iJ(5g8r-t©£L 

[RS2+ (Rc t/ (1 + juCd) 1 
fc^U <o=2 jt f 



RO,Rct.cd<oi;WJMS»8ltBi-.5H 



TcffitglCfctf S -f > f- ^ > XH^JSSN- -5. 1~ 1 0 0 H z 




: wrmmmxm (Ret) t?^ui»gs«fg 
ccd) ico^ij^i, mmmijim (rq> <h©a5ij 

. mmmmm (Ret), smagjissffl (Cd) 

tn&awr >t'-y>x(Dm£mmLrwmffin.m (RQ) 
, nmshfflrite (Re t). msnjzMmmm®. (Cd) 



:»tbL^BK?»RJffin;<a (RQ) . fffiteWmfi®. 
(Ret), mSwBiSafg (Cd> ©£TSfclA4>tt 
< i fc l-o*^#i|«L.^I&S«lfe©^#^a*i«to : /*fc«i^ 



(?14) )0 1 
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II 13 



to 



12 



14 



<72)»#£ fiffl ilS (72)*PJ# *D*rt 

(72)«W« AOj Stt (72>»H# *JH » 

3teJC» i HtfflK*cort2Ti6#l-t * mS*V^§l!i«ffiT<ISS0r*S:ajfK3-6 

F^-A(##) 2G016 CA03 CB06 CB12 CC01 CC27 
2G028 AA01 BE10 CG08 DH05 
5H030 AA08 AS08 FF22 FF41 FF52 



